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"ﬁsing & new analysis technique called Random Decrement to accurately ex—

"' the free response curve. By disconnecting the sine-wave generator and con~ -
“‘mecting a white noise generator, damping values were then redetermined by

'& damping of soils is needed for verification of the applicability of the
i+ technique. Nevertheless, the initial data indicated that the possibility

eurstely extract damping coefficients Qf_different’soil types from their
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APPLICATION OF THE RANDOM DECREMENT TECHNIQﬁE
IN THE DETERMINATION OF DAMPING OF SOILS

M. S. Aggourl, J. C. S. Yangll, H.Al-SanadIn
SUMMARY '

The purpose of this investigation 18 to examine the feasibility of

tract damping coefficients of soils from random 1nput excitation. The
damping coefficient of soil was determined in the Drnevich resonant column
apparatus. In the testing, the frequency of the sinusoidal excitation was
first varied to produce resonance and the damping was then determined from
the frequency response curve and also from the logarithmic decrement of

the random decrement technique. ¥From the limited data obtained to date,
good correlation between the two cases has been indicated. However, an
extensive experimental program that encompasses all variables that affect

of 1n-situ determination of damping can be tealized.

. INTRODUCTION

As more and more sophisticated amalytical techniques to predict site
response to earthquake loading and soil-structure interaction are devel-
oped and refined, more accurate input parameters must likewise be obtained.
One of the most important is the knowledge of the dynamic characteristics
of the site material. Thus, considerable effort has been directed towards
the development of, or improvement of, methods to determine the required
dynamic soil properties for use in such analytical procedures (6,7,8,9).

The dynamic shear modulus needed to evaluate local soil effects dur-
ing large earthquakes are presently determined using laboratory techniques
and in-situ tests. An in-situ test to determine the shear modulus of a
soil deposit at strain levels equivalent to those experienced during a
strong earthquake has recently been developed (10,11), whereas soil damp~
ing properties for use in response calculations are presently determined
using only laboratory techniques, as there 15 as yet no test for determin—
1ng uaable data in-situ. S

The purpose of this investigation was to examine the feasibility ‘of
using a new analysis technique called Random Decrement Technique to ac-
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" and precise method for translating the response time history into a form

. for measurements of damping in different types of structures subjected to

.part. By averaging enough samples of the same random Tesponse, the random

"' that by proper digital processing, the deterministic part that remains is

response to random ioading. The validity of the technique vill‘illow*ué
to be able to extract the damping coefficient of different sofl types from
in-gitu records; hence, a field testing for determining damping will be a
reality. ’ ' o oL

Random Decrement analysis is a method currently used in the aerospace
industry to measure damping in aircraft in flight. It is a simple;, ditec;_

meaningful to the observer. It has been developed over the past few years:

random excitation when only response data is available. After analysis,
a signal results that is the free vibration response of the structure.
This signal 1s independent of the input to the structure and represents
that particular structure tested for a linear system and an equivalent
structure for non-linear systems. . P oty :

.~ The basic concept of the “Random Decrement signature" is based on
the fact that the random yesponse of a structure is composed of two parts:
a) a deterministic part (impulse and/or step function), and b) a random

part will average out, leaving the deterministic part. ‘It can be shown

the free decay response from which the damping can be measured. Hence
the Random Decrement Technique uses the free decay responses of a system

" under random loading to identify its vibration parameters, namely frequen- -

cies and damping. _ -

In this study, damping characteristics were determined by the reson-
ant column test first under sinusoidal excitation, and then by disconnect-
ing the sine-wave generator and connecting a white noise generator damping
of the soil was then redetermined. The validity of the method was then
assessed based on the comparison of the two methods. .

ANALYTICAL PROCEDURE

"Random Decrement" has been developed and explored initially by
H. Cole (2) andcontinued by J.C.S. Yang (12,13,14,15,16), which advanced
the state~of-the~art in the umeasurement of damping in structures subject-
ed to random excitation when only response data is available. After anal—
yéis, a signal results that is the free vibration response of the struc-

.ture. This signal is independent of the input of the structure and rep-

regsents that particular structure tested. It was originally developed as
a technique for determining damping characteristics of models being tested
in wind tuonels (2,3). Subsequently, the method is being used to measure
damping in buildings, machinery systems, etc. The method is currently
used in the serospace industry to measure damping in tunnel models and
aircraft in flight (1). Also, the detection of small flaws (fatigue
eracks, etc.) is possible by monitoring the high frequency characteristics
of structures (3, 4, 5). This application 1s now under development for
detection of cracks in highway bridges carrying traffic, and in offshore
platforms (13, 15). 1In fact, the technique i8 a general method of anal-
ysis that is applicable to the wide class of problems in which a system

is subjected to an umknown random input and the only measured quantity is
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the sgystem response. The procedure itself is allingar. enaemﬁle avgriging -
technique that requires less computer time than the conventional spectral
or correlation approaches. )

The analysis of the system response yields a signature that is depen-
dent on the system characteristics and is relatively independent of the
excitation. This signature répresents a free vibration response curve of
the actual structure for a linear system and of an equivalent structure
(i.e., averaged nonlinear properties which reflect actual energy dissipa-
_tion, etc.) for nonlinear systems. ; ~

Fig. 1 shows the procedure for obtaining a signature. A time history
(velocity, acceleration, strain or displacement, etc. versus time) is di-
vided into an ensemble of segments of equal lengths, Timax, each beginning
at a selected amplitude yg (or for example, §B, if the time history is in
terms of acceleration). Also, the segments are chosen such that half the
segments have an initial positive slope and the other half have an initial
negative slope. These segments are then ensemble averaged to give a sig-
nature of length Ty, whose initial amplitude 18 y,. The initial slope is

i zero since an equal number of positive and negative slopes will, for most

B andie 20

systems, average to zero. L st

For a linear single degree-of-freedom syéiim, the‘éisnathré‘ﬁecbhes o

‘the damped cosine wave describing the motion when the system ie subjected

to the initial displacement y; and then released. In practice, however, :
linear systems have many degrees of freedom and the signature is a combin-
ation of modes, although it still represents the free vibration response
to an initial displacement. For multi-mode problems, the response records
will be bandpass filtered to isolate different frequency bandwidths.
Damping values will be calculated for each case to obtain the variation of
damping with amplitude and frequency. For nonlinear systems, the signa-
ture represents the free vibration response of a system in which the non-
linear properties are averaged to a value dependent on the amplitude.

_ The starting value y_ can be chosen arbitrarily. The freedom to
select the initial value zbias level) 1is one of the main advantages of the
method. If the record is nonstationary and contains periods of low level
vibration in which the signal-to-noise ratio is very low, the initial am
plitude can be chosen above this level and the low emplitude portion of
the record is disregarded. ' '

The accuracy of the signature depends on the record length in terms
of the number of cycles of data.. The convergence is fast (5) which is
important when analyzing records of marginal length.

The advantage of the Random Decrement Technique is that it is a sim-

ple, direct, and precise method for translating the response time history
into a form meaningful to the observer. In comparison to the spectral-
power density method, where damping is measured by the half-power band-
width method, it was found that the method showed a large measurement
variance, especially when the bandwidth was small or the spectral peak
was not well defined. In addition, when two modes are close, the
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classical method cannot be applied. In the Random Decrement Technique as
part of the analysis, the records can be filtered to isolated modes if the
modes are not too close together. When the modes are close together, &
numerical curve fitting technique (14) cen be applied to the Random Decre-
ment signature to separate the modes and extract the damping ratios.

RESONANT COLUMN TEST DEVICE

The applicability of the random decrement technique on the determina-
tion of damping of undisturbed and remolded soils can be determined by a’
variety of laboratory testing methods. The most widely used methods are
cyclic triaxial shear, cyclic simple shear, cyclic torsiomal shear, and
- resonant column. ; ’

The resonant colum method is a relatively nondestructive test. Th
"~ primary advantage of using this device as the main testing method in this
'work is that at very small shearing strains, less than 0.001 percent damp-
ing:value can be obtained from a soil specimen by both the resonant fre-
quency and the random decrement methods consequently at different inter-
vals of time without introducing the effects of previous measurements at
that pressure. An additional advantage of the resonant column test device
is that damping can alsc be determined at higher shearing strain levels
(0.01 to 1.0 percent) and, in such cases, a new sample can be prepared for
either case. ' :

The resonant column test method determines modulus and damping in
_soils by means of propagating waves in a cylindrical soil specimen. ‘If a
torque is applied to the specimen, shear waves are propagated and 1if a
sinusoidal axial compression is applied, compressional waves are propaga=~
ted. In the test, the frequency of the forced vibration is varied until
a respnant condition is attained. The resonant frequency plus the magni-
tude of applied longitudinal impulses or torsion and the magnitude of the !
resulting motion are used to calculate the modulus, damping and strain am- )
plitude. When torsion is applied, shear modulus and damping are obtained hE
as a function of shear strain amplitudes. When axial impulses are applied,
Young's modulus and damping are obtained as a function of axial strain am-.
plitude: To date, several resonant column devices have been developed.
The general theory for each of these devices is essentially the sanme.
However, the physical details, such as end conditions, specimen geometry,
and methods of excitation, vary. : :

i

The resonant column apparatus at the Civil Engineering Department of

- the University of Maryland is the "Drmevich” device. The device consists

essentially of a coil-magnet drive system which is attached to a top cap
seated on a membrane-encased cylindrical soil specimen, a transducer to
monitor the motion of the drive system, a linear variable differential

transformer (LVDT) to detect the vertical height change of the soil spec-

dmen, and a confining chamber. , !

TESTING PROCEDURE AND RESULTS

) The soil specimen was made of sand, chosen basically as one which
had been tested by other researchers, and whose characteristics have been
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determined and reported in the literature. This was done for verification
of our data from the resonant co}umn test. - : :

In the resonant column, the samples were twisted at the top by sinu-
soidal forces through the magnetic coils under wniform confining pressure.
The frequency of excitation was adjusted to produce resonance of the sys-
tem. Damping was then determined using the steady-state method and also
from the decay of free vibration.

. In the next step, by disconnecting the sine-wave generator and con-
necting a white noise generator, random forces were then applied on the ¢
soil sample. The damping values were then redetermined by the random
decrement technique.

The frequency spectrum of the system was found through computer analy-
sis of the recorded signal for the sample undergoing random excitation.
Fig. 2 shows a computer generated power spectral demsity curve of one of
the tests. From the power spectral demsity curves apprepriate narrow band
filters were selected to isolate individual modes for random decrement
analysis. A typical random decrement free vibration decay curve is shown
in Fig. 3. Damping coefficients were then calculated from the 1agarithmic
decremeut of the random decrement free response curve.

Pig. 4 shows the damping values of soil by both the sinusoidal vibta—::

/tion computed from the resonant frequency of the soil sample and that from

the random vibration by the random decrement method. As can be seen, good
correlation exists between both methods. Though not all variables have

been studied, the initial results lend credibility of the method and there-
fore, the ability to detect damping from random signals.

CONCLUDING REMARKS

Determination of the feasibility of the use of Random Decrement for
the determination of the damping characteristics and natural frequency of
soil samples in the laboratory will lead to a credible application of the
Random Decrement technique for samples in the field. Thus, field testing
for the determination of damping will be a possibility. The significance
of field determination of damping is of importance since existing inform-
ation on damping is based on laboratory test results which are complicated

. by specimen disturbance, the inability to reapply the natural in-situ
stress conditions to the test specimen and the inability to account for

the cementation that exists in natural soil, in the laboratory samples.

REFERENCES

1. Brignac, W.J., et.al., 1975. "The Random Decrement Téchnique‘Appiied

to the YF-16 Flight Flutter Tests", AIAA/ASME/SAE 16th Structures
Conference, Denver, CO. '

2. Cole, H.A., Jr., 1971. “Method and Apparatus for Measuring the Damping
Characteristics of a Structure”, United States Patent No. 3,620,069.

34




30
6..

5.

Cr-2205.- - - NS Tl

..

Cole, H.A., Jr., 1971. "Failure Detection of a Spaée Shuttle Wing
Flutter Model by Random Decrement", -

Cole, ﬁ.A., Jr., and Reed, R.E., Ji:., 1974, “A Method fof Detecting
Structural Deterioration in Bridges", NASA Cr-137,548.

(:ole,.l!.A., Jr., 1972. "On-Line Failure Detection and Damping Measure-

ments of Aerospace Structures by Random Decrement. Signature"”, HNASA

T

=R aTEYs

‘Eardin, B.0. and Draévich, V.P:; 1972, "Sheat Wodulus and Demping in

< :7Soils, Méasurement and Parameter Effects", J. of the Soil Mechanics

7.

*~ Poundations Division, ASCE, 98, No. SM 7, Proc. Paper 9006.

éf

9.

12.

Stokoe; ‘K.H. II; and Wodds, R.D, 1973." "In-siey |
by Cross-Eole Method", ‘J. Of the Sofl Mechanics ‘aid Foundations Diviae—

and Foundations Division, ASCE, 98, No. sM 6, Proc. Paper 8977. - .

Bardin, B.0. and Droevich, V.P., 1972, "Shear Modulu- and Damping in
Soils, Design Equations and Curves", J. of the Soil Mechanics and -

Kovacs, W.D., Seed, H.B. and Chan, C.K., 1971._ "Dynamic Modul{ and
Damping Ratios for a Soft Clay”, J. of the Soil Mechanics and Founda-
- tions Division, ASCE, 97, No. SM 1, pp. 59f75. . -

Seed, H.B..&nd Idriss, I.M.}"1970. “"Sofl Moduli aid Damping Factors
 for Dynamic Response-Analysis"

» University of California, Berkeley, .

‘Report No.: EERC-70-10. '~ * T e NP S

o e ¥

1972/
ion, ASCE, 98, No. SM 5, Proc. Paper 8904, pp. 443-460.
SW-AA, 1975. "In-Situ Impulse Test, An Experimental and Analytical

Evaluation of Data.Interpretation Procedures", a joint venture of
Shannon & Wilson, Inc. and Agbabian Associates.

Yang, J.C.S. and Caldwell, D., 1978. “A Method for Detecting Struc-
tural Deterioration in Pipirg Systems", ASME Probabilistic Analysis
and Design of Nuclear Power Plant Structures Manual, PVB~PB-030,

" pp. 97-117.

13.

14.

15..

Yang, J.C.S. and Caldwell, D., 1976. “Measurement of Damping and the
Detection of Damages in Structures by the Random Decrement Technique",
46th Shock and Vibration Bulletin, pp. 129-136.

Yang, J.C.S., 1978. "Measurement_ of Damp:lng in Machinery Systems and
Machinery Structures", ATR Report DINSRDC.

Yang. J.C.S, and Dagal.kis, N., 1979. ;'Application of Randomdec to
Detect Structural Failure under Earthquake Loading", ATR Report No.
78-1-0642~1, ONR-WSGS, 1979, Abstract published in SESA Annual Confer—

' ence Proceedings, San Francisco.

3482

" “Io-Sitd Shear Wave Velocity




le Wing
Detecting

.ng Measure-
M, NASA

Damping in
fechanics
1977.

Damping in
fes and .

>duli and
mnd Founda-

1g Factors
3erkeley,

ve Velocity
tions Divis-

alytical
ture of

ing Struc-
Analysis
B-030,

ing and the
Technique”,

Systems and

omdec to
eport No.
nual Confer—

PR

————

PR AT

16. Yang,J.C.S., Aggour, M.S., Dagalakis, N. and Miller, F., 1981. “Damp-
ing of an Offshore Platform Model by Random Dec Method™, Proceedings,
Second ASCE/EMD Specialty Conference on Dynsmic Respouse of Structures
Atlanta, Georgia.

o] p—r, =

"IN AN N —74\4\

i n N\ '
tlt.\./ IZAVAND = T~ v

Time Ristory L
TEY o stn=FY yyew
[ I % PR | =i )

ne2 A
where ¢ =~ t's

when y =¥,

o ‘ _
Ensesble Average e " mansomdec Signature

Figure 1 - Evolution of Banddndec Signature

0.00 250 5000 . 150
Frequency (Hz)

Figure 2 - Power Spectral Density Curve

e ==

343




-

> il nﬂﬂA\AAAA
e 11

0.0 115 23  us
) Time (msec) ‘

Figure 3 - Random Decrement Free
Vibration Decay Curve -

e Randon vibration j
S ’ . . . . ' ! ,
me=e=<= Sinusoidal vibration . :
, / ;
lq— : j
" N
P );' ,
% |
“ 1
§ L' j
1 !
L 11 1 1 | |
10 20 50 100 - 200 - 500 1000

" Root mean square of the ‘output signal (m.volts)
Figure 4 -~ Comparison of Damping Values Obtained from -
Ran(dom and Sinusoidal Vibrations at Different Levels of Strain

LT e e ey ;
w




